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(54) SEMICONDUCTOR OPTICAL FUNCTION ELEMENT 

(57)Abstract: 

PURPOSE: To make it possible to lower end face 
reflectivity and to lessen the coupling loss with fibers by 
providing the above element with a mode conversion 
region having end faces diagonal with a direction for 
guiding light. 

CONSTITUTION: This semiconductor optical function 
element 20 is constituted by providing the optical 
function part 22 on a substrate 1 laminated with a buffer 
layer of InP, etc., on a semiconductor substrate of InP, 
etc., with a waveguide type light emitting element 2 
laminated with an active layer (core layer) of InGaAsP, 
etc., a clad layer of InP, etc., and a contact layer of 
InGaAsP, etc., and a waveguide 3 laminated with a core 
layer of InGaAsP, etc., and a clad layer of InP, etc., for 
changing a beam spot diameter in the state of plane 
waves to the mode conversion region 23 by inclining 
both at an angle 6 with the normal direction of the end 
faces 21 of the substrate 1. The beam spot diameter is 
expanded in the case of the guided light from the optical 

function part 22 toward the fiber to be connected. The beam spot diameter is reduced in the 
case of the guided light from the fiber to be connected toward the optical function part 22. 
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Jg 1 El*©********- 

[W#«3] ¥*#**±fc*J83ftfc#«IMS«>.Mt 
Sgffiis J: tf/ £ 14 iU M WIS (' ft 0 mim 
fe%<D tf- AgS-gE-ft KSS»1gi**fllx*fc 
*- KJE»«*0 7 r >f y^i:ffttSix4«OS|IM 
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a 7 nt^iif a 7 let <o*if Mil 

~8ov»rn*»iauE*w*»#3tmsi*?-. 
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ffi#S i - 8 <o^Ttifr l £KE««**#3te«te* 
[0 0 0 1 } 

[a*±w*uffl»»] #e9§«±» ^am^— ***** 
ir*«ws* ^ 9 * lusher 

[0 0 0 2] 

ttteafc if *:fflv> RSIM •) i -Sit 14<o^ 

-ft*** § * M* * * * > tt** & «r fi« 

[0 0 0 3]. E#«i, 0 1 4 (a) <0«tffl&lllC7Kl-<t d 
C , U — «f X «±¥*fltf* «» * if«>#i*#3fc«E 

20 fjt^3 0 Of&1*HS*£ 3 1 OSSEir'^'f-aSSE 3 5 i: co 

l&Ltz&ffii&km*iii>i&i£3 2 £E»t* i £ 9 > 
EEE*t^*fi*i-*»*-C**o ffitt««3 11*3*3* 
i£E3 3 £*&L*:*i£ft3 4 it. fSttfKi&SS®*^ 1/ 
-■f3fet LTffiW^tL^o Bffi*3 2 141'— ifftfriRJK 

SLt^^v^I)t3 2 I*] 9 tr-A^# 

fSlfL, Jli§7t3 6 t LTtlitt^tL^^^t. EWIi: 
30 J:oTRI*S*l£tfc#-rfc:fc*>RM?t3 7 (EI4 1 , ^ 

J436 3 7 14. jtfl*l6]75 s RteLr|?a*rS14^3 1 tcffi) 

:ii:ii)tt?nSo S> IH (a) tci3^T#S?. 
^4 0 I4/A* s c.r AI+L-C^^^F^^^MiK^jiiS 
ft 3 6 fc^fTjfeUSe** U>X, 5 OI4Al<fJS®jW& 
5 1 14 7 r 4 '«r>* v ~J KSB. 5 
40 2 14 7 7 -f;<C37S*f L, 3TS6rtO^KPg<0|l«l 
14 n T SB I*! ^ it trft^¥ffir^ * 0: *> L t <7) ^> 0 
[ 0 0 0 4 ] iWii *SEfH*«r<lBx.fc**#:3t«it* 

89^8^3 IB, i2 5t, »18f, »1241~ 
] 2 4 21 (ELECTRONICS LETTERS 31st August 1989 V 
ol.25 No. 18 pp. 1241-1242) ICE«E$ tt/c#^^jfe*e*I 
8*«*&o CO^*fr*H»«SI±, 1 n G a A s ffitt* 
<0p3^ic^&/r 35f,mi:5 5// m<0 I n P^ttt^r^fiS; 

so ^fJ4)!8ISIt$0. 0 6%^MLtv>So t*fc 
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10 0 0 5) * 'ik%<oPi*>m®.&mmt, 1150 

Sf & f <73¥*fls7£1l£ltfeSi?- 3 0 rtOrStt/f £#tr* h 7 
7"l*j®?£B 3 8 fVUXffi3 5 dilLT 9 0° 

7&B3 8 **iftLfc*«*3 4 lifVW **ffi3 5*»f> 10 
ilS7t3 6 k LX&»t$ti&k2HZ7'<4 3 51" 

3 7 Ol5 £ t*rf1$W\zm\S.%&mztf kft 

-At 5Sft'-A t wm^^tJiirfl^-lc X o XisM. £ ft 
4£|}*f5liteil£Sft4o 

[0 0 0 6] £ <0 J: 
&m?k LTIi, 0l!x.i*, il/^ nx^* v?-X, 

1987^9^105, i2 3t, $ 1 9 -g-, §990 
-9 9 11 (ELECTRONICS LETTERS 10th September 198 20 
7 Vol.23 No. 19 pp. 990-991) KfEttS ixtz U-^flf ifl 
i WU-^'li *ISI±, InGaAsPStti 
Sr-&tr3li£»4-^§Mffi^WLT 7° *gtf4 - k IZ X o 

-c\ jg&BtK3«ioj&-r£j J ££ 9 °° *^7" 

L, aftRWK*fflv»-ftc¥^®iSR^0. 2% £31$ 
Ltvi. «4*i»iftB«j6(c J: »K ffiRJttffil 

[0 0 0 7] 

i5tmwViL±7 t-r zmm] flrsEL 30 

$*fijSi-*^.»^4-K:tt*»-g-li % 114 (a) , 
(b) KjjSLfc.* -5 s*®zS<7)ii^7fc3 6 iW-Wi&iz 

2> tztb h^SS <£4SI*a** i>o MtK aUffflv** 
U > X li , ^ 4 sfcffi jfc * 5t£ ¥® & »: g'ifc-t & & <0 
XhhtK i*iftB3 3*fcffiJtt1-*»^lij£#*^lifc 40 
< ffijfciEii fc4«Dt\ *-<0#jIj§:7fc3 6 li^^fc^K® 
jfcfcfc»K ?F5££&#> YVt 4 Xte*m 

t * t 4 o 15 i£ L «r 

4 #*##«MB»ott I- «£ ft if, fefllit ©*A t- i 
*)3%WRttm* lffim±e?f£LT^4!tftt'fc, 7T-f 
^<fc<0fe-&a*lia*O3 d B fcjf< Affile o| 5 

liS&^JSftfcffvs »MLr©fiE-t&£>S***&^ 
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[0 0 0 8] TltraL^:ft*0»*&*«Bfllj6«rlB: 
»W<&«l*2*KJfc0IIL-C*:* < 4***, vft'RH^m* 

«B«tMi*fc£W*fco3&*ii/h$ < , £r#C-f *AJg* 

tt-oT, H§Wfrh<o&tt??t<D, S8Mffi&ri»Cj<oi I ft<f>7< 
£<fc»K 77>f/<t^i f i $K<v»±K, Hi 5 

liSKBi'ftS^miicTv^/;*, It©] 

t<Sv>TL4 itzib. 7 t 4 k <D&<£m 
§ 7 d B t , a*© 3 d B \Zit^<X&m 
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i, *r&B tt t fi < -r i> tz*>mj>& % 

% Z> k v> ^ PbIJS * * *c 

[0 0 0 9] fit, 3p:^BJoget)l±. f*>gIS4:«ai 
[0 0 10] 

®ft S ft ^3t«il»i- ^ *> u - -9"*^ 

A^ssffiis xxf/ttz a mtMus izmwLitto e - a g * 

»StW7 7 ^/<i:S^$ft4ffl!WSSffiSr. 7tO*« 
^ipjlcWLT^f^lc^it^i k *<&WLk-tb*><DX~h 

JE*01* i: * * tS 14® O jfi« »K 

z.<nifc®.mizl£'<x '<> Y*f \ '^ttil ! @viAM KJS 
Sr3S»c»ttfttf»jS-c**o 

[0 0 1 1 ] StVMi, *||B^(c^4*S**1tS^^^- 
IS , *3fH£*«± 1= WtWL $ ft 4 ^ *> 3feit*S 
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Sffiis t if/ i tz li UAHtBB K ffi 0 *i£SS HLT* 
ajtOf-Ag^f^Hi*- K8ESMKi**«x.4k 
KSE»fti4<0 7 t >f^kM3&£*i.4fliJWSS5ffi 

[0 0 12] 4fc, «TE*«l)6SSSrtt»0*jfeBSr*1- 
&jg?&S§IBfc*'f ?*-k LtSiStS J: KflWt-f* k 

jft»«>£ + »t ft* * - KSJ*«**0 1* - a j£ *» ») 
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[ooi3] mu, mie*- KSE»«i*K«atax*a 
* jftss w* § $ £ * we* :tr ft ti ?& o r t$ * ic ge-fb £ 

[0014] 

tr-A*>Ky hg*i£*U *v'li»a5ft47T-f/< 

«a*SrM»=*# <-**;iktf*T , £Sk#K, ffiWJO 
«fc -9 Ic^EiKSr^BjStt-E't^^^^Mksic^o 
[0 0 15] ttz, •=&- KSMMW**tt»tfc£ k^i 
0, *«ll»k LT#«ff U-1f^*iill»**J*L/S 
*«tt«<rtB»*** , 'h* < -C# 4 1 ^ mffjgk 

[0016] KKttfc, wOffite 

- KSEJfcSU* k * ffi# 0 * 4r LtSMt 4 £ k 1= 

$4*^ W&ffiii k i" * - k ri*T- § 4 o 
[0 0 17] it«lSg»«:«»<0*jSEtt**1-4*iS»ffl 

i&£1S&OjJ|&B&w&* »-S3:»74C: k (z i 0. Mik^M 
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^^7ft7T^At e>$ttlB I- is 4 

[0018]*- KaE»**»=*aaA#asris»t*i 

io i>lt4jg&S&W7C§ St*oe»^rtJ»c}&or«*USE 

is J: If/ i tz »i «S -)z I*] «0^c § ? £ 3t<oe*^ IrI r& o 
T^AH^-fb^-g-SClklcJ: 2p®i£Sr*tSFLfc4 4 

S*I5, ^Jx.tf*tS^JR^fflfiEfi (MOCVDrMetal Organic 
Chemical VaporDeposi t ionXI±M0VPE:Metal Organic Va 
por Phase Epitaxy) ft£fflv^t\ j&ftfiJlcjgiRSlftffl 
20 S i 02^*?*^*bfcWLLX&<tzl1>X&.^(DX^ if 

ttttje* B# n -x y f - > t'TM K is v » T B7J ft O 4: £ 
lt4££: ii<ftl7'D't^^i*J<. Mlw, #SR 
H 3 - b * « < KJfe L T t> 4- 

[0019] 

30 ^ 0 

[0 0 2 0] <H«I« 1 >H 1 14, *S&WK«4¥*# 

ft«te*^<o-£tt«*5*i-«*ffiia-c*s, Ell l^isv^ 

<DimMM2 2 1 n G a A s P^OiSttJf (3T 
Jg) , I n P^co? 7 > K/B is J: If I n G a A s Pfck" 

KSE»«J*2 3 ic^pffir&wf 4 fStR-fb 
40 S-^JI nGaAsPifOnTilSiin nPif© 
K«*»li L)t*iS»3 k ««1«2 1 

^iS7tl±*f^SS3 «0ET<7)S«l wj^^TJlS]— 

[0021] :oi ^ %m$L**i-t z>*%mmv>*&& 
3tmt%* * it 12 -r a * u , u - if * * arns k 
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R|f $0 if - A ^ -f 7 h SKStt 4: , 3#7CBPM (Be 
am Propagation Method) &\zi. Oft^L/ci^SrH 2 

--•f a = i . 5 5 fi m) mm.Lx^7m<omft 

m*3. 3 8. 37m<omZ* 0. 3^m, ?7U>KJf 
cdJS#t$£3. 1 7 t U 3Tg<0*l1-^to*)EI 1 icis 
lt&*&S&ii)BWG& 0. 5 m~ 1 0 ^ mJT^-ft^-ti- 

e 2 iz & 4 *I T * <£> ri*, 3 71 OfllJB**S ffif & K 

10 0 2 2] 0 2 K J: ill*, 
- K£>*iStt«WG = 1 a* m, S=7' 0&tt*&ftt; 

j:oT#e>nas8®R»*ii, 17. 6% (he+k* 

-Cab i<7?t:*- A f-S£#!l;il4*5 

E^tw, -T-^-t) jgjgli&-C# e> ft, (9 = 7° 

3 ix-frtuxi %WTO«IEW? (ram«f I X'tf 

(D^-mteft&Mm* 2 0iZjS\,*X 6= 7° O^SJKKSSS 
Ltt, KJE»««2 3 fcKitfctf-A*#? h@ 

tL7t 1 fi ni(Ot'-A^* , 7 H* t «I2 1 KiJV»T 5 fi 
mi:)2;jj5otv>ni^ n£3l&ftffi (=1^110 X-fro 

o-c, y 7 j '<tm^km&\znmwL*wmmzm.-r 

U>X%iPfrm t & *) , 7 9 h 7 y -f ^/iit-ck < , 

X ~7 T ■i /HZX&t&WC> ©tt<&«£feavh 
£v> 0 «®2 1 UWLT^Sit^aE*** (0 = 0 
0 ) , *££«*lil dB^TCtiii^Tiiji*, # 

*tC^f*«C LTV>6©T, jg^FSJWSr^t&Ji*, 0 = 3 
° fiJ£2-C£o8ii:&is§-&it5l?|W]t; 1 dBJiTCf 
# = 7' -Ct 2 d Bm&tfcXiiZit^X'hZ^o -f 

mftmm&ffiikiz a z>Kttm&mh&*m l < 

5 M miZfctf 4 < fc 1 ^ ma*0«ST*1BRWip ] % 

1 / 5tz&<ni&m%m.jjx'feKM3zKi)mix 

he fit, i*«f&<OftS0*vh3 <T**#* Mtf>« 
J&b#<o 7 f - > ^Ii i; £ v> r la^fi <Df2# * S: 
ltic< <44(0t, f?S7n-t^ <>§^T-ab*o 
[ 0 0 2 3] HjFliLfcv>#, ttJtSOiftSW 
3 - Ml t ©fffl I: 4 4 SWspfi«*te tcaffl-T ix , 
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Mi 4 ft * J: H i < 1 4 i i #f I S „ Ltztfv 
x. ff©«^iira7D-fex*qo«^ ®M<n%s% 

-cat*-*-***, *&ttffl»**^2 o**gMi* 1 fi 

X^-; t-^f -<X£j£lf.&£t>l4\ 3»BR*f* 1 %HflE* 

2 d Bi:tSii <>PTffi-cab*o iitli, 77 
y hy 7 <i >W37'&\*W% 1 0 fx mm%.XhZ><DX', 

ftlf7T -f/^nriif L < 4 »J, 7r>fAt©^ 

[0024] l ^3*>4^. t*<7)Rit$fi«*tti:a^^ 

- Kje»«* 2 3 OigiSSS 3 4-^1" Z> tztbiZ (4, JSft] 

[0 0 2 5] <#y££!)2 >I3 (4, *^B^H#4**^ 
ftWft*^ ©EU<D*tt«*5rr<S]ttH-C*«o «, 12 3 

tc^v»r, njfe^ji <om\ x-TFLtzffis&mfrtmcMT}- 

IZ^X (tm-<0&®M-%$:ttLX , *r<DWffl%m.WZ 

14, S« 1 ± 2 2 i:^«*jKKiE%ltttB«l4 
30 Sr Ml& L . ytm^U2 2 <OMM K - KKjfttltt 2 3 , 
2 3£t3:lt-C, fix-fno^- Kgcft^ttUc kf-Ajx.* 
f hgSrSe-fbS****J»3, 3 S-AtB#S®2 1 , 2 
1 CWLTftfttf £iratt-C&AL?v>&jA4fft*fl| 1 

[0 0 2 6] ^ tcfiffig-r^i t i:i or fc. ^tt 

l> tb^sffiisco^- r$zmmi$uztsn7tzm<&&3iifti% 

W^sM2 1 -N$tt4 0 
[0 0 2 7] i/j, RI4l«>n*<r»«^:«(=tt. J2>"f L 
tt-K«»««2 3, 2 3 *3t«ft«2 2 ICfi^LT 

so i3v^r, mt\£^ -;*>V\zmiJ&fcft®.tfh*). j6« 
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[0 0 2 8] H*©»**»*fcauii* 
&.j&giifc<, m 5 ic^1"J; -7 antco* h >J v?*9 
^B^ftt^*!-***?*-*^ 1 a, 2 1 a £B 

10 0 2 9] <Ht6«3>H6li, 

B6CiSV»-C<&fla«F-&l OJil nP***ZPL, 
r <D I nPill 0 _hl- I nP^77|l 1 
ft, Igic I 1 ±.K> #$HfcgB2 2 tZ 

Kje»**2 3, 2 3 i:lil nGaA 
sPfS14^12. I nPO±a^5? KS1 3, InG 
a AsP3>^ MSI 4 £ Hfefflf if-CStt 

Jg 1 2 Offllffi^aW Lfz V ? vS<75*i£S&«ii^lSJt <b 

KBU 6**K»tfc*U 3t«tt«B2 2tcli P m®l 7**1S 
ItfefiTi/'i. 3te««&»2 2li#*B*B 

fl«2 3, 2 3 14, aJi^mojpsi-**'******* 1 

|jS>»KSI< 4 4 J: d C««9ii-cv»*t*»i, SBB 2 1 

[0 0 3 0] »T> iO-MKflMtS*.*****!©* 
»#3fc*1i6* ; J- 2 OOSiSJSt, HI 7 -HI Ofcffiv? 

^) & o 

[0 0 3 1] S7 (a) lifffiif*t), (b)(i|BJ¥ 
IIi;A-A' fc-c^LfcBBfl-OWBieU (c) liB- 
B' «Tjj5L*:»fl'©KifiHU (d) I4C-C 
L7 > -g|5^WKff®llt i *)^o WT< £-HHci3V>T (a) ~ 

(d) 14, |B|ttlc|W]DSB#<7>¥ffim:fc£rjn|ff®m£7p 

■To st-f, ^wffis (b) - (c) izm-rx^iz, mo 

CVDffiKJ: •? I n P*«l 0±i:^77i lit* 
4 I n P ?rfi£*1"4„ 
[0 0 3 2] ifcK, gl 8 tCjo^T, I n P'<7 77l 1 
1±(CS i 02i^JtaL/:^ itO*h'JV^7 

-f i$*B i- <£ •? j- y f - > ^irai L r »s?h*jS* s i o 

2V^^ 1 5 ZT&lSL-tZo I nGaAsPOffi 

ttS 1 2 , I n P <7? JiSlS^ 7? KJ1 1 3 , i= 4 I n G 
a A s F<D=>>?? hi 1 4 £M O C V Di£ (C X 
*«LT«Jl«j|i*r»JSi-*. -«>l$, l 5 ^ (a) ~ 
(d) irhfrfrk 4 0 l-S i 02^^-^ 1 5±ici4j£ft- 
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6<jlCfiS;ft1-4o L*>t S i 02"^^^ 1 5©«Ol£v»t 

3,2 3 li®?SI&C?&oTJP$* t ^AU»< JBfiK^n 
*1 £<3J: KM LTIi, 

W**KJ:4«¥ii8:MW 9 4 - 3 3, OPE 9 4-2 
6 (1994-06) , 7 - 7 rSWMOV 
P E K4 4«*iBrtilJP«lfPttSrfflv»fcjtjCW»*a* 

[0 0 3 3] 119 tcj3V»-C, &&B! i: L T *' 'J -f 

5 Kill 6t-W^MLfct, jt*«»i***«ffi 
§B2 2 a^O* h 'J 7^77-(gfi:i »)S2 75r 
RJ»t, HE (a) , (b) ic^i-iotc, CF^X 
7X?f>yi:±ctHRWi:*'M 5 KB! 1 6£R£* 
-f 4c 

[0 0 3 4 ] flfc&K, HI1 0l:ii3V,*T> fflxtf, Au/ 
T i *^&«t*S3K*Lfcft, *b'J7^77^f 
lcil)|W|ll (a) K^-fi d C/^--V^'Lt, pt 

20 si 7*j&jai-*o ^ni&ffii-cti, 

^*Tfc*v». S7t, HTIi#*Lfc4 f , 0iJxl?> Au 
/Pt/Ti 3scd£JR*H£«6*LT»«1 O^Sffitc 

[0035] i(75J;9H> H7-H11 0 "C^ LfcSiil^ 

tft#*tt**?2 0li. «tfl2 0H3i:fLfc# 
*#*«l6*^-i:n**=- EM$«ft«^^77^A 

fc, plSl 7^t>i£A^^Jt^i£l±. .K3E*«i* 
2 3, 2 3 Kfc&A$:ft-5>fl!ili: 4otv>iOT, *- 

[0 0 3 6] ULhWBMH-Cli, *- KS£»ffi« 2 3, 2 

J E-KW«2 3, 2 3 Sr3t«ife»2 2 tra«FUf*K 

SB2 2«3*«*BSUa»?ttl-*St* f iiA*it43t*. V« 

2 2 d^agflofcifiliBS CO-ftto "3 C ^aM^U-ifSrJ^fiS 

[0 0 3 7] <b tc£l±OKWCIix *- KSE»*« 2 
3, 2 3 Wkf-A^*-y hg*SE'ft&"^***Bi: L 
T, $iBMi , ai*Wi:Sfe4«tf^fc^ B l l 
50 (a) - (d) t-^-t J: T UfRSffirt-C^SLKteSr^x. 
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[0 0 3 8] £78&* El 1 2 ( a ) - ( d ) (C^f 4 7 

KJC*ffii*2 3, 2 3 <7)*&g&'l'I£, «JI2rA 

t at « b 1*1 1 w 2 o * ae-r t s -e- a 75 m & m b# k fj a ^ t 

[0 0 3 9] Sic, #Hifc0!lTl4, fSttS 1 2*/<>7 
Til 1 <OiI±»cK»tTv»i^ Hi 3i:ftiTi:< 
r&14Ji 1 2 «oi5#c znm&m 1 2 fcJt^-C'O 

K4*K jfc2f-f Kil 8 t4ig&3fc<0#§fi:£ESitLT*?£ 

[0 0 4 0] ^HJfeWfli, ') r/l$$M£ 

"C% Stiff (371) fflM^Hdi-^%-&l-ov»T§ig§ 

H^«iL*v»* r , sttn (an) mmnmtn 

[0 0 4 1 ] 6^fflV»T, *-K«»««2 

3 **h 1 i-ii 3 izm Lfzmmwfox-m-&s&$Ei) i i£* 

mtCOV^THC^Clft^-r^o HI 6I4, *^#:7fe^ 

mm^2 0 uni:is?ni>7 7 ^77^^50^ 

[0 0 4 2] HI 6 K45V>T, 3t*StggR2 2 Ojt«i*B» 
2 4*215*- K£»«i*2 3<0*$»2 8 14, f^M 

s&2 8 lt^*., itmm®, 

2 2frb<Oig%L%:2 6 14, K«*f«2 3 t^LT 
■fVM *3gM2 1 ^^iUM^n, 5t7 r Jj*5 0^A7J 
Sft^o -<?5i: £j»?&7t;2 6 14, KgE»««2 3 O 
^fr£Sl2 8 JCjSV^T, ^cotf-A**'-;/ h 

«K mttSit***, r-V^^Sffi® 2 1 ICfcfLT 

R»*2 5(43t«ffiSS2 2 MzrJf-tf-f, f£*<?>$t£i*ift 
S& *f tt <0*&«:vMi Bm& tztf<Dt§i& 4 tHtc^sffiS 
IrtWfi*-*-*, -T «:*>*), £f#2S?£S&lc4&Jgffig;£f 
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1 *) tfmit-t Z Z. k <>*v» 0 MlC, *f*«jSKtc4 5SS5 

$ <-t&z Jffaofclt©*'^^ 
Ll-v^t v^fiJA fc*<& 0 

[0 0 4 3] 4fc, -«ilw#*#U-Hf^#«fliiieitiIS 

^osaaA^f * ± tr x mmut) H^<t4fc»i: 

(4, m 2 frbfrfrZ 4 ^ IZHftWKMmii 1 8 %g«i; L 
frttbtcT, &&f&tlri<5 // mJSL±U4oTI4 C*t>T^ 
fflW^^MRIt^ 1 %flT##^J„ 

//mC0*&-^4 »9 tmffm*l4 5ffifi:*-&o iftUttLT 

U-^*i!S^*SiHtlcoagi£E&*H4, < 

20 or, ?H**»S-fi»-C**o 

[0 0 4 4] f LT, *- K*JMK«2 3TI4, ^jgjt 

2 6<42Fffij£f02 $-5-<Dlf-AgA*^<pS<0-e, HI 4 

■f Ix >X^**7p||i ^t), 777 F77'f xiiVtSL < 

[0 0 4 5] SfcEK, t-K«»«*2 3 0#«ft2 
8T-14iiiS7fe2 6 (4 s Fffif^<05 * tf-A|«ti 

si§5t2 9 1 LTtBtt^n^o s£or, ^tmmm.2 

30 oT7T-0<5 0W3 7SB5 2(CA«$tt.&o aSlfcfllig 

ici4, 7T^<to«*a*i; l dBtlTi:ts:H« 

-C#^^, f$K2 8^I2 li:«LTM)6T^50 
■C, e-A3g«l4^*<DSb***?-f^tcSitT, * = 3 
' «K4-c4fel«Bffi2 1 t-?t L tltiM i: (J (3-|H) 

jfei: LrtBWL^^»cl4, k*-A3B«l4, ^«!)<0fJ# 
-so s-^ o^<$if5fv^*, ^tci4*?-f* 4 i:?F^4¥B 

[0 0 4 6 ] <*iffi^J 4>I1 7 (4^^?gic#-&4 i ^ 
^JcO^^tC^fejI*,, HI 8 Ufll*fl3^R*ta!2 X 

^x®.wtko 

[0 0 4 7 ] HI 8 \ZH^X, #bs#-§-6 0<4fi£*^ 
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■f Ktt* K#» * fl "J # x. 4 ^Sffftfcffi*^"? *> 
4 e ffOxlX, X*fl»*«7^A6 l*»e>A»Lfc* 

[0 0 4 8] ATJffiO^ 3 *? r ^^<6 1 *> <b Alt L/cft 
(4, ffi# t >j£ifc8&6 6 a L/c^. j»?£&&6 7a£ 

3 Kiiilt£-£4*Ir&Kti, Si£&AS&6 8 KSSfcfr 
aALTBJffKH::JB*r**ffiT3*4o ZtilzX*). * 
r&8&6 7 a^^>©7£li*SftA»6 8 K4 »)^SSt$ 
*U *&SS6 9 a»W)IM7 0 a ^ISUHl 
ifll«jfc«7r ^<6 3 UfflltSit*o 5fcS*7 7 

«f/<6 4 (CUiWS*4**»-«4> H«fc&ASB 6 8 K*« 
*aAL4»t^tfA^» *-<&»^ *iSS&6 7 a^fe© 
#li**&A«6 8 t»JSLtIiaAS7 1 Udti" 
4 C «jTLffiAgB7 1 utt***&AL.-CJ5tfrfl&Kffl#r* 
*fiTS-£tJ3** ££lt£-£4 0 £<Z)4 ? ICLT, Sfc 
3*7 t <f/<6 1 *6Al*Lfc3ll6liUl*fi«)**7 7 4 >< 
6 4 KtiljtSft&o B*«l)*«tt6 6 ajltf* 

tsss 6 7 a weaa* t , moftaA^ 68,71 osw 

ifi|>I§§7 2 a^fS't^ft'C'^o - ©^•jf'fWg'l'Sff 7 
2 a TSIiR* L&v>4 ? ZtzitoiZ 

$imrf'&^t~$> *) - it'iT'''^ * 6 0 <£>ss®K*sit 

giS-^L-Cv^o - rT-tt&cOAtU** 0 - h 6 5 li-ffiffl 
■**^<0S4(f^®TS:i4^^ 1 %-c*4£ tfrh, ^ 

^^otiio' gs«-p*4. 

ftsfcfllfc L-ci4> r-r • «f- ■ • * 

f. - • -f * y a v- U^-X, 1 9 9 4#2^, i 
6 » 2*, ^218-2211 (IEEE PHOTONICS T 

ECHNOLOGY LETTERS, VOL. 6, NO. 2, FEBRUARY 1994, pp.2 

18-221) KfEmSftfcfcOri^tf <bft.4„ 
[0 0 4 9] itldJtLT, 11 1 7 tc^L-7^4 5 K> ^ 

Sltffl2 X2^ n^A-Jfe*-* y^l£tg£ISi£L*:#^ 

*«0**#*«IIS*^8 0 14, (HI 8i:*Utt*fl 

jft, S^AffiltffiBlcl;--^^*-^ hg*SZ*fc3-*4» 
'»*«»7 3 a. 7 3 b K«*«i*2 3, 

2 3 Srtt(frv^.«**ffi»i-*o KSE*«*2 

3 1Z4*K H2i(S#!l 1 - 3 -r-izE^/ciT) t |e]#«Offi:5SBSIt 

e^-s-fi^, &o-c, a mat 

ffli:i^?ftS77^^ *<BBfc7? > h 7 7-0*8 
1-84 ^•ffiffi-f4C:i:**t s #So JEK* t£7. ^ 
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66a, 66bi4, jWftjfcOtt***)***^* <i"*fc 
*>K, ^^TCi^S^*^^* ^Ixl4> 01 

8 l fc£Rj*as * n * 4 v * 6 o not*m 

-Cli^ftL^'l 2mmt:^L-C, |»A»IJ**»»RW 
1 RW2 ©£#4^l4ifr4 mm-C-£>4 0 -*i-K*tL 

<n%a tf/hSHkl" * ^ ^ * * ° 

[0 0 5 0] El 9 5.^0 2 0 14, Bl 7l^U^mt* 
*Bfti!t*Jt*L*:B-e**. El 9T-I4. *-KSJ» 
10 2 3 «0*iSi^ 7 3 a , 7 3 b #>C,ffiltLfc 2 0(05fe 

li , t>? * 4 e» tr - A 0 4* { t-tm7 7 

./h77-fA8 3, 8 4^Alt1"*o 20<Di» 
igtgS7 3a, 7 3 b*»A<BC**-C*4Bl 9©i^ 
4*-&^l4, *iKS&7 3 a, 7 3 bO«I^^ 
1:^475^77^^8 3, 8 4 £©m»«4, * 
jiWtt 15 v»*fr*«*# » ^» tt 4 4 7 n t Ett 

[0 0 5 1 ] II 2 0 14, 77^77^^83 \Z Alti" 
4 KSftffil* 2 3 <Ojf?5iE& 73at, 7 5 y Y 7 7 
20 >f;<8 4 i:AWt4*- K3E»«*2 3 <0#?SeS 7 3 b 
fcC9»i£ *^L-CV> 4 o +4^^^ *~ 
%Z&mt8.2 3<nm$L&7 3 a <oe-i,)?j;75 s l5ft4 •) <t>> 
^ _ K^ttffii* 2 3 7 3b<0f- A It** •) A 

/hS < =6:4 4 3 -t^^*.*- KS£»«J*»*«tt^ 
tH^44Vf-^J3:5!) i, 5^^44 4 : 5 U-tftl*, ^9 •> 
(. 77 >f;<8 3, 8 4 (DlmffiZm 2 0 ic^i" 4 n UliSx. 
■ciJ^— 48*«iftl»*i t7i J -c^4o 
HI 9^0iH7r-f^8 3, 8 4 WSSffi**^ L 
fofn/:#ft'j:7 7 f- 7 7 W ^fiffli-'Si ^ ^ 

30 <, ii#co$iffi^-7 v 7 h 7 7 -f^4-f-ot 4<oj^r- 

flltiitlCloT. 7??h7T^8 3, 8 4^ 
<on— 3Srtt*36«^rffii:<c4 i Ab*A t *>4o 
[0 0 5 2] Jil±, *»*0»«*jllt«t-"3V»TBtW 

*f»*liInG«A«P*C**il:4 
< , G a A s 4 f^fiMW-t-aj^-Ct , 

^3 o 

[0 0 5 3] 

§S^(c4ntf, AWS81B»ir/*fcl±ffi«t* 
ffiUigf£7fc<7>e-A®STgMkS-£4*- K^II«t L 

T 0%%K4R ji * 7 t >f fc ««£ * *i 4 « <B*1B U*t L 

fitspft«*b* * H u m±-i* 4 w i: # r & 4 o 4 
so fc, Klt^fti^«-^5l'5f^ffl^^SE** / J N$ < t "^ tr - t 
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■&mvtt < ®m,x& <o , Mi#gfflHfi4„ 

[0 2] *l&BJt--^^*3»#:7fe«tg«^<7>Si*^?S^-r 

[m6] *&wiz'mz>¥mteiti&ffcm+<Dt ^mksuo 

it^ffi^^-r^4>Xg(D|21T-*or. (a) li¥B0, 

(b) \imW-mm^A-A' $LX-7jiLtzgf>%-<DWWm, 

(c) l±|W|i:<B-B' &T-7FLtz$?>fr<7)MWm. 

(d) I±IW| D < C — C ' SfkX-TjiLtzMfrnMWmT'*, 

ho 

[0 8] 07 (a) - (d) \,zmLtz&Wfr<Vfr<Djg* 

ii k *> it & ¥i us vw m m x $> i, 0 

iH 9] 08 (a) - (d) lZ7jiL?z&Uft<D'X<0&* 
IS K £ it & ^FMSS CMHrffi0T- £> £ o 

[010] 09 (a) -(d) t,z7jKLtz&Uft<D>k<om 3C 
tig K is it h 05. WI1 X*> -5, o 

mmzm-tmxfr-vx, (a) iifii, (b) itmw- 

M0ICA-A' $8.X-7FLtz$Kfr<D&iWm, (c) (ifwj C 
<B-B* &%T7jiLtzUfr<VWjMm. (d) li|W|i;<C 
-C ®.X7TsLtz%i>fr<DWWmx£,Z, 0 

[012] *^H^lc#-i,#«#*^^»^^MicgiJ<o« 
JSflJSrTp-f 0T-&oT, (a) li¥S0. (b) itmW- 
M0ICA-A' ^r-^L7tg|5^-<7)»fffi0, (c) lilWlC 
<B-B' ^T-^L^a3»OBf®0, (d) linC<C "0 
-C ^T-^L^a55-«O®fS0T-*^. o 

[013] ^!§Bgic#-i.4 i ii#^^^co2 7'jMUglJ 

(omnmzm-rwx&ix, ( a ) ii¥®0, (b) 

|s]^ffi0!CA-A' WiX'7jiLfzU$-<DmWm. (c) li 
|WIC<B-B* ^T-^L^-S|555-<7)»fffi0. (d) l±|BJi; 
<C-C ^T-/^L^g|5^<7)»fM0T-3b-5>c 
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[0i4] mmm*mi-**i$ibitmtiEm=F<DV£%;mz 

m&OW&mf8.m, (b) li&Sl^T'i'^ii^iiil-.&ii 

[015] mftmimm&zG-rz^mft-ftmffem+to 
i&Zkm tzti izm% ztiz>-7T-( /<i m-twi&mi&m x 

[016] *fkwiz&& t*tuzm& 

jo [017] x&wiz&z^m&ftWimm^cDitzMvn 

tetaj£^-f¥E0-c-£>oT, £KMm2 x 2 ? 
^-f-iciiffl L7t^-g-cD«[B&lffiS;0r-*,^ o 

[0 18] &3fc<D-£:R|tS!2 x 2 ^n^^'-^x^ 

[0i 9] 01 7 iZTjiLtz^mi^mmi-cotii^mm 

<D—fr)*7jiirW:3:mx'ihz, c 

[020] 0i 7 izmL/z^m^mmm^m^m 

20 i 

1 0- I n p*«, 

1 1 ••• I nP^';7 7|, 
1 2 ••• I n G a A s Pr£&Jf > 
13 — 1 n P±gfc? 7 > Kg, 
1 4 ••• I nGaAsP3>^ h 
30 1 5 —aftWMtJtJB S i o 2 -7^^. 

i 6 -r 5 k»*k, 

1 7-p*«, 

1 8- I n G a A s Pfttfj KJg, 

2 0,8 0-**#3t«ffi*^, 
2 1 -r^-i *Sgffi, 
2 1a ---^sffi, 
2 2-jt«SB«, 
2 3-*- KSS**«, 
2 4 

» 2 5-RS**, 
2 6-***, 
2 7—3SU 
2 8 

2 9-£i§3fc, 

7 2 a, 7 2 b ■•••**#3feiB«i5, 
7 3a, 73 b-#**iS»o 
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